Purpose: To evaluate the most used approach to treat traumatic diaphragmatic ruptures, and in which one the requirement to assess the second cavity is more frequent. Methods: Systematic review, observational studies. Outcomes: moment of approach, most commonly via addressed and the requirement to open the other cavity. Bases searched: Lilacs, Pubmed, Embase, Clinicaltrials.gov and Web of Science. Statistical analysis: StatsDirect 3.0.121 software. Results: Sixty eight studies (2023 participants) were included. Approach in acute phase was performed four times more than in chronic phase. Approach: abdominal 65% (IC 95% 63-67%), thoracic 23% (IC 95% 21-24%), abdominal in the acute phase 75% (IC 95% 71-78%), and chronic 24% (IC 95% 19-29%), thoracic in the acute phase 12% (IC 95% 10-14%) and chronic 69% (IC 95% 63-74%). Thorax opening in the abdominal approach: 10% (95% CI 8-14%). Abdomen opening in the thoracic approach: 15% (95% CI 7-24%). Conclusions: The most common approach was the abdominal. The approach in the acute phase was more common. In the acute phase the abdominal approach is more frequent than the thoracic approach. In the chronic phase the thoracic approach is more frequent than the abdominal one. The requirement to open the second cavity was similar in both approaches.
injury, and thoracic approach in chronic injury, but there is no consensus. Some studies show a preference for the thoracic approach, even in acute ruptures, since abdominal injuries are ruled out 6 , while others prefer the abdominal approach even in the chronic injury, and some still show that the approach is dependent on the emergency call staff 7 . In view of the above, the lack of a consensus for a better approach to TDR and a better postoperative period with lower morbidity and mortality, this systematic review was carried out in an attempt to demonstrate the most used approach to the different situations: thoracic or abdominal approach in the acute, chronic, right and left lesion and in which one the requirement to assess the second cavity is more frequent.
■ Methods
The project was evaluated by the Ethics Committee in Human Research from Botucatu School of Medicine (UNESP) and obtained exemption for ethical opinion, since it is a systematic review.
Criteria for considering studies for this review
Types of studies: observational studies that bring the TDR casuistry and have used both the thoracic approach and the abdominal approach to its treatment.
Participants: patients with acute or chronic TDR.
Intervention: treatment by thoracic approach.
Control: treatment through abdominal approach.
Outcomes evaluated: 1-Most common moment for approach (acute or chronic phase). The acute phase was considered up to 30 days after the trauma.
2-Most used approach for all lesions regardless of phase.
3-Most used approach in the acute phase.
■ Introduction
Surgical treatment of traumatic diaphragmatic rupture (TDR) can be performed by both abdominal and thoracic approaches. The decision on the cavity to be addressed will depend on the presence or absence of associated lesions, on the experience of the surgeon, and especially on the time from trauma to diagnosis. The preferred approach in the acute phase of trauma is usually the abdominal one because of the possibility of evaluating the abdominal viscera, which may have been damaged. A percentage of 94-100% of the trauma that injured the diaphragm has multiple associated abdominal lesions 1 . Despite this, some services still prefer the thoracic approach when they can determine by clinic and imaging methods that there was no abdominal viscera lesion. When surgery is performed in the chronic phase of the trauma, consideration should be given to the possibility of herniation of abdominal contents into the thoracic cavity, with the possibility of adhesions between the viscera. This theoretically would hamper the surgical act if the approach was abdominal, causing many surgeons to opt for the thoracic approach. Other surgeons still prefer the abdominal approach, noting that these adhesions can be undone, even by the abdomen. Considered rare by some authors, TDR affects 5-10% of all severe thoracic-abdominal traumas, but may go unrecognized. Some authors believe that with the technological evolution of imaging tests, it is possible to perform a greater number of TDR diagnoses 2 , but other authors believe that it is possible to reduce false-negative diagnoses only with video-laparoscopy or video-thoracoscopy 3 . Some authors report that the diagnosis of TDR is still neglected even in the intraoperative laparotomies 4, 5 . When discussing which approach to indicate in a TDR, we find varied opinions. Many services prefer abdominal approach in acute Thoracotomy compared to laparotomy in the traumatic diaphragmatic hernia.
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5-The most used approach in right and left lesions.
6-The requirement to assess the thoracic cavity when first opened the abdominal and vice versa.
7-Blunt trauma and approach pathway in the acute and chronic.
8-Complications related to the approach accessed. 
Search methods to identify the studies

Data collection and analysis
Studies selection: two of the researchers (GPS; DCC) independently examined the titles and abstracts to remove irrelevant articles; retrieving relevant full texts; identifying the location and environment of the studies; details of the intervention; the date and duration of the study; examining the full texts for compliance with the eligibility criteria; if necessary contacting the authors to clarify any questions related to the study and making the final decision on the inclusion of the same. Disagreements were resolved by consensus with the participation of all authors. The reasons for excluding any article were documented.
Data extraction and management: details of the eligible studies were extracted using a data extraction sheet specifically for this review with participants' baseline characteristics, interventions, inclusion of the number of participants, outcome measures, and duration of follow-up. Two reviewers (AJMC; GPS) independently extracted all data regarding the interventions studied and planned to resolve any disagreements by discussion.
Assessment of bias risk in included studies: as it was planned to include observational studies bias risk assessments were not made due to lack of consensus for the application of this evaluation in these studies, but would be considered biased and subject to the effect of confounders.
Quantification of the effect of intervention and synthesis of results: each outcome was analyzed by proportional meta-analysis 8 using a fixed effect, and the proportion of the prevalence of each of the outcomes was obtained, with corresponding 95% confidence interval. In the comparisons of the prevalences between two proportions, the confidence intervals were analyzed: if there were overlapping of the intervals there was no difference between the prevalences and no overlap occurring there was a difference between them. The analysis was done with the program StatsDirect, version 3.0.121. The results were summarized using the forest plot in which each horizontal line represents an included study. The estimated effect is represented by a square and the size of the square corresponds to the weight of the study in question. The estimate of the combined effect is represented by a diamond located at the bottom of the graph.
We analyzed separately: approach pathways in the acute lesion; approaches in the chronic lesion; approaches to the right lesion; pathways in the lesion to the left; need for thoracic opening when the approach is abdominal; need for abdominal opening when the approach is thoracic; blunt trauma and approach pathway in the acute and chronic. 
■ Results
Description of studies
Search results
The survey conducted in December 2016 recovered 288 studies in Medline, 23 in Embase, 59 in the Web of Science and 35 in Lilacs. After the exclusion of duplicates and analysis of titles and abstracts, 106 articles were selected and obtained in complete copies.
Of these, 68 publications were selected for this review ( Figure 1 ).
Included studies
The 68 included studies 1,4-7,9-71 (Table 1) , involved 2023 patients, being 1254 men and 292 women. In 18 studies, totaling 477 patients, gender is not mentioned. The patients' age ranged from six months to 88 years, with a mean of 34 years. Twelve studies do not relate to age. 
Excluded studies
Thirty eight of full-text articles excluded, and the reasons for exclusion are depicted in Figure 1 . 
Synthesis of results
Moment of the surgical approach (acute or chronic phase): 1.276 patients were treated in the acute phase and 338 in the chronic phase. They do not report the phase in 409 patients.
Approach: 1273 patients were treated by the abdomen (65%, 95% CI 63-67%) ( Figure  2A ), 519 by thoracic (23%, 95% CI 21-24%) ( Figure 2B ), 219 thoracic and abdominal, eight patients refused approach, three died and one patient was not mentioned the approach. The comparison between abdominal and thoracic accesses is shown in figure 2 C in percentage.
Thoracotomy Approach in the acute phase: thirtytwo studies (1088 patients) do not relate the phase to the approach. Thirty-six studies report 563 abdominal approaches (75%, 95% CI 71-78%) ( Figure 3A) , 138 thoracic (12%, 95% CI 10-14%) ( Figure 3B ), and 89 approaches of the two cavities. The comparison between the abdominal and thoracic approach in the acute lesion is shown in percentage in Figure 3C . Thoracotomy Approach in the chronic phase: in the chronic phase, 153 approaches were performed on thorax (69%, 95% CI 63-74%) ( Figure 4A ), 76 abdominal (24%, 95% CI 19-29%) ( Figure 4B ) and 13 approaches in both cavities. The comparison between the abdominal and thoracic approach in chronic lesions in percentage is shown in Figure 4C . Abdominal approach with requirement for thoracic assess: only six studies 1, 12, 27, 39, 63, 66 reported abdominal onset in a total of 385 patients, with subsequent need for thoracic cavity opening in 39 of them (10% CI 95% 8-14%) ( Figure 5A ).
Thoracic approach with requirement for abdominal assess: only three studies 11, 49, 63 reported an initial thorax approach in 62 patients, with subsequent need for abdominal cavity assess in 10 of them (15% CI 95% 7-24%) ( Figure 5B). The comparison between the two approaches in relation to requirement for open the other cavity is shown in percentage in Figure 5C . Sort of trauma: in 1820 patients it was possible to determine the sort of trauma, 1149 blunt trauma and 671 penetrating trauma. Only 217 patients who suffered blunt trauma were able to correlate the approach with the time of approach (159 in the acute phase and 58 in the chronic phase). Of the 159 patients treated in the acute phase, 63% (IC 95% 55-70%) were abdominal ( Figure 6A ) and 29% (IC 95% 22-36%) thoracic ( Figure 6B ). The comparison between the abdominal or thoracic approach in the acute phase of the blunt trauma is shown in percentage in Figure 6C . Of the 58 blunt traumas treated in the chronic phase, 14% (IC 95% 7-24%) ( Figure 7A ) were approached abdominally and 82% (IC 95% 71%-90%), by thoracic approach ( Figure 7B ). The comparison between the abdominal or thoracic approach in the chronic phase of the blunt trauma is shown in percentage in Figure 7C . Access approach according to the affected side: in the lesions on the right side 11 studies reported the pathway used. The thoracic approach was chosen in 34% (95% CI 23-46%) and abdominal in 60% (95% CI 47-71%). Sixteen studies reported the approach in lesions on the left side. The thoracic approach occurred in 22% (IC95% 17-29%) and abdominal in 75% (IC 95% 68-88%). The abdominal approach was chosen three to four times more than thoracic. Diaphragmatic rupture size: four studies report the mean diameter of diaphragmatic lesions (13 cm). Sixteen studies reported variation from 0.5 cm to 26 cm.
Type of diaphragmatic repair: in 905 patients it was possible to know the type of diaphragmatic repair, with primary repair in 870 patients and the screen implant in 35.
Herniated organs: the studies address the diaphragmatic lesion describing the possible presence of the hernia and, among the organs that migrate to the thoracic cavity, are mentioned: stomach (414), colon (279), spleen (168), omentum (149), liver (103), small intestine (102), vesicles (4), and kidney (3).
Postoperative complications: the postoperative complications evidenced in the studies were not separated according to the approach. They were: pneumonia (82), atelectasis (38) , urinary tract infection (31), surgical wound infection (31), empyema (29), adynamic ileus (22) , sepsis (22) , diaphragmatic paralysis, renal failure (15), abdominal abscess (10), dehiscence (9), pulmonary thromboembolism (9), among others less common. In 29 articles there were no postoperative complications.
Mortality: there were 128 deaths, with hypovolemic shock being the most frequent cause of mortality, with 58 cases, followed by associated lesions (30) , sepsis (25) , traumatic brain injury (15) , multiple organ failure (11) , respiratory distress in the adult (8), respiratory failure (5), pulmonary thromboembolism (3), intraoperative with no cause reported (3), high volume hernia, evolving to cardiorespiratory arrest (2). Length of hospital stay: twenty-two studies report hospitalization time, but do not separate according to the approach, with 12 presenting the results ranging from a mean of seven to 29 days, and 10 presenting the range of days varying from one to 255 days. One study 29 reported longer hospitalization time in patients submitted to the two-cavity approach. Length of stay in the Intensive Care Unit was shown in four studies with an average of 10 days.
■ Discussion
Analysis of the main results: sixty-eight observational studies were included in this review, with a total of 2023 participants. In these series of cases it was possible to show that the majority of patients who suffered this type of trauma belong to the male gender, with a mean age of 34 years. The predominant trauma mechanism was the blunt, and the left side was the most affected. Most patients were treated in the acute phase. The most commonly used pathway in acute lesions was the abdominal pathway, and in the chronic lesions the most common pathway was the thoracic one. The abdominal approach was three times more common than the thoracic, regardless of the phase. In the acute phase the abdominal approach was performed six times more than the thoracic approach. In the chronic phase the thoracic approach was performed three times more than the abdominal approach. Few Thoracotomy compared to laparotomy in the traumatic diaphragmatic hernia.
Acta Cir Bras. 2018;33(1): [49] [50] [51] [52] [53] [54] [55] [56] [57] [58] [59] [60] [61] [62] [63] [64] [65] [66] of the included studies reported the need to open the second cavity, so when opting for the thoracic approach, the need for abdominal cavity opening appears to have been greater than when the option was for the abdominal approach, but due to the small number of cases where it was possible to collect these data, the confidence interval was very wide, making this difference not significant. Perhaps if more studies had shown this data we could have found significant difference. In the acute blunt trauma the abdominal approach was chosen twice as much as the thoracic, but in the chronic phase the thoracic approach was chosen six times more than the abdominal one. The studies report the main postoperative complications (pneumonia, atelectasis, urinary tract infection, surgical wound infection, empyema, adynamic ilium, sepsis, diaphragmatic paralysis), but do not mention in which of these approaches these complications were more frequent. The hospitalization time is quoted in several articles, but it was not possible to relate the access approach with the length of hospital stay. It was also not possible to relate mortality to the approach site. Most of the included studies analyzed the outcomes of interest, but without adequate separation of the acute and chronic phases related to the access approach or the need to open the other cavity, thus reducing the number of participants in various outcomes. No study included quality of life postoperatively or length of hospital stay related to the approach. Some studies showed the time of hospitalization, but none related to the type of surgical approach, and it was not possible to compare in which approach would be longer hospitalization time.
Quality of evidence: included studies were considered as having a high risk of bias because they were retrospective observational studies, thus lowering the quality of evidence. In surgical intervention, due to the difficulty in conducting randomized clinical trials, the quality of evidence is usually poor. In this study of TDR, since most of the cases are operated on urgently, it is much more difficult to randomize the cases to the opening approach, mainly due to different levels of ability on the part of the surgeons on duty. Thoracic surgeons prefer the thoracic approach and abdominal surgeons prefer the abdominal approach, so many studies report that the approach was conditional on the specialty of the surgeon on duty.
Potential biases of this review: studies to approach the diaphragmatic lesion involve different schools and also the qualification of the surgeon, which makes it difficult to combine the results. One example is that in studies in which access to the thoracic surgeon was easy; there was a tendency to the thoracic approach, even in acute lesions. In the acute phase the abdominal approach was more encouraged due to the associated abdominal lesions and the absence of adhesions with thoracic organs. Another potential bias is related to the impact of the trauma, because it was not possible to perform analysis of subgroups of great and small impact. As most diaphragmatic lesions occur due to large impacts, the existence of associated lesions is common, which increases the length of hospital stay, postoperative complications and patients' morbidity and mortality.
Agreements and disagreements with other studies or reviews: this systematic review confirmed some of the findings that isolated studies have shown: the diagnosis is made more in the acute phase; the approach in the acute phase is more frequent through the abdominal approach, and in the chronic phase through thoracic approach. Blunt trauma is more common than the penetrating trauma. The left compromise is significantly greater, both in relation to the right lesion and bilateral Thoracotomy compared to laparotomy in the traumatic diaphragmatic hernia. Systematic review and proportional methanalysis Silva GP et al.
Acta Cir Bras. 2018;33(1): [49] [50] [51] [52] [53] [54] [55] [56] [57] [58] [59] [60] [61] [62] [63] [64] [65] [66] lesion. As disagreements we have seen that most of the studies show preference for the abdominal approach, even in late diagnoses. Others opt for the thoracic approach even in acute injuries, provided that abdominal injuries are previously ruled out.
What was noticed in the most recent articles of this review was the increase of laparoscopic approaches even in patients with chronic diagnosis. The studies show a better postoperative period, with shorter hospital stay and fewer postoperative complications 32, 44, 46, 70 .
Implications for practice
There is evidence that in the acute TDR the most used surgical approach is the abdominal, and in the chronic TDR the thoracic, but there are articles that show the opposite. It seems that the greatest benefit for these patients would be their care by a multi professional team composed of thoracic and abdominal surgeons, so that the choice of approach would not be conditioned simply by the surgeon's greater ability to manipulate one or the other of the cavities. Another observation detected in the most current articles is that video thoracoscopy and video laparoscopy could contribute to the diagnosis and treatment of these lesions, with possibilities for a better postoperative period, but this would be a theme for another review.
Implications for research
Systematic reviews of surgical interventions are difficult to perform, since randomized trials in the surgical area are rare, and in emergency surgeries, rarer still. Therefore, the phrase found in most systematic reviews "there is a need for more randomized, high-quality studies on the subject" would be pointless. What we think could help in future revisions would be the separation of the two approaches, citing the complications, difficulties and facilities related to the approach.
■ Conclusions
The approach to TDR in the acute phase is more common than in the chronic phase. In the acute phase the abdominal approach is performed more often than the thoracic approach. In the chronic phase the thoracic approach is performed more frequently than the abdominal approach.
The requirement to assess the thoracic cavity when the first opened was the abdominal cavity was similar to the requirement to open the abdominal cavity when the first opened was thoracic cavity, but few articles provide this information.
In diaphragmatic lesions, both left and right, the abdominal approach is more frequent than the thoracic, but this evidence in the left TDR is much clearer, where the abdominal approach was chosen in almost 80% of the time.
In the blunt trauma in the acute phase the choice of abdominal pathway was slightly higher than the choice of the thoracic, but in the chronic phase the choice of thoracic approach was much greater than that of the abdominal pathway. It was not possible to demonstrate which approach leads to the greatest number of complications.
■
